Introduction {#s1}
============

The effects of tobacco on health of smokers [@pone.0013881-US1] and non-smokers [@pone.0013881-US2] are well-known and tobacco continues to be the leading preventable cause of death worldwide [@pone.0013881-World1]. Comprehensive smoke-free policies have an important impact on respiratory and cardiovascular diseases [@pone.0013881-IARC1], [@pone.0013881-Callinan1]. All European Union (EU) countries with the exception of the Czech Republic have ratified the WHO Framework Convention on Tobacco Control [@pone.0013881-World2], and most have implemented tobacco control policies consistent with it [@pone.0013881-Jaakkola1].

The impact on the health and the anti-smoking climate are important keys in the policy decision for the implementation of smoking bans. Further, the scope of smoking bans which are finally enacted can be influenced by the public opinion and the pressure of specific groups with commercial interests (such as the tobacco industry or the hospitality sector) [@pone.0013881-Muggli1], [@pone.0013881-Sebrie1]. In this sense, it is important to provide results about both the effectiveness and the public support of smoke-free policies.

The implementation of comprehensive smoke-free policies decreases the exposure to secondhand smoke (SHS) and their associated health hazards in non-smokers, and may also increase the likelihood of quitting and reducing cigarette consumption among smokers [@pone.0013881-IARC1], [@pone.0013881-Chapman1]--[@pone.0013881-Goodman1]. Moreover, the support both by the general population and specific groups (ie, hospitality workers) to smoking bans in workplaces increases after their implementation [@pone.0013881-Fong1], [@pone.0013881-Pursell1]--[@pone.0013881-MartinezSanchez1].

The most important policies for tobacco control are price increase, bans or restrictions on smoking in public places, consumer information, bans on tobacco advertisement and promotion of tobacco products, health warnings on boxes of tobacco, and access to treatment for quitting smoking [@pone.0013881-World3]. According to these policies, Joossens and Raw developed in 2006 a Tobacco Control Scale (TCS) in order to quantify the grade and effort of implementation of tobacco control policies in European countries [@pone.0013881-Joossens1].

The objective of this study is to evaluate the correlation between the implementation of tobacco control policies as measured by TCS and smoking prevalence, self-reported exposure to SHS, and attitudes towards smoking bans in the 27 countries of the European Union (EU27).

Methods {#s2}
=======

This is an ecologic study with data obtained from different sources, with the country as the unit of analysis. We used data on tobacco control activities in European countries in 2007 as compiled in the TCS [@pone.0013881-Joossens2]. The TCS provides a score for each country based on the level of implementation of smoke-free policies according to the six most important cost-effective policies [@pone.0013881-World3]. We obtained information on smoking prevalence, self-reported exposure to SHS, and attitudes towards smoking bans from the Flash Eurobarometer on Tobacco survey (Flash N° 253) [@pone.0013881-European1]. The Eurobarometer is a cross-sectional study of a representative sample of the adult population (≥15 years old) conducted by the Gallup Organisation in Hungary for the European Commission (commissioned by the Directorate General of Health and Consumers) in the 27 countries of the EU. The fieldwork was conducted in December 2008. In each country, interviews were predominantly carried out via fixed-line telephone. The sample was weighted for socio-demographic variables. The final sample (n = 25,580) was representative of the population aged 15 years and above in each country (about 1,000 persons in each country except Cyprus, Lithuania, and Malta, with approximate 500 respondents)[@pone.0013881-European1].

Variables {#s2a}
---------

### Tobacco consumption {#s2a1}

Smoking status was obtained using the question from the Eurobarometer: "Regarding smoking cigarettes, cigars or a pipe, which of the following applies to you?". The possible answers were: "you smoke every day"; "you smoke occasionally"; "you used to smoke but you have stopped"; and "you have never smoked". We considered two categories of smokers: daily smokers and smokers (daily and occasional smokers).

### Self-reported exposure to secondhand smoke {#s2a2}

Self-reported exposure to SHS at home among non-smokers (former and never smokers) was obtained using the question from the Eurobarometer: "Does any person living with you smoke inside your home?" The possible answers were: "you live alone"; "no one living with you smokes inside the house"; and "someone living with you smokes inside the house". We considered as exposed to SHS at home individuals who reported to live with a smoker who smokes inside the house. Self-reported exposure to SHS at workplace among smokers and non-smokers was obtained using the question: "At your workplace, how many hours are you exposed to tobacco smoke, on a daily basis?" The possible answers were: "more than 5 hours a day"; "1--5 hour(s)"; "less than 1 hour"; "hardly ever"; and "never exposed". We considered as exposed to SHS at the workplace individuals who declared to be exposed more than 5 hours a day, 1--5 hour(s), less than 1 hour, and hardly ever. Some analyses were restricted to those reporting to be exposed more than 5 hours a day.

### Self-reported attitudes towards smoking bans {#s2a3}

Information on support to smoke-free policies was obtained using three questions: "Are you in favour of smoking bans in the following places?" 1) restaurants; 2) bars, pubs and clubs; and 3) offices and other indoor workplaces". The possible answers for these three questions were: "totally opposed", "somewhat opposed", "somewhat in favour", and "totally in favour". We considered the support to smoke-free policies in the different venues as positive when individuals answered "somewhat in favour" or "totally in favour".

### Tobacco control policies {#s2a4}

We used data from the Tobacco Control Scale (TCS) of 2007 [@pone.0013881-Joossens2]. The TCS was developed by an experts\' working group from the European Network for Smoking Prevention (ENSP). The scale was developed by means of a questionnaire that was sent to the ENSP correspondents within the countries. The score of each policy was weighted by its reported effectiveness, based on existing research and the discussion of a panel of experts on tobacco control. The six policies and their corresponding score are: price increases through higher taxes on tobacco products (maximum 30 points); bans/restrictions on smoking in public and work places (maximum 22 points); better consumer information including public information campaigns, media coverage, and publicising of research findings (maximum 15 points); comprehensive bans on the advertising and promotion of all tobacco products, logos and brand names (maximum 13 points); large direct health warning labels on cigarettes\' boxes and other products (maximum 10 points); and treatment to help dependent smokers quit, including increased access to medications (maximum 10 points). The maximum score of the TCS is 100 points, indicating a full implementation of all the strategies considered. Other data (the price of 20 cigarettes, the tobacco legislation database, etc.) were obtained from other sources, and were used to score the scale (see references 20 and 21 for more details).

Statistical analysis {#s2b}
--------------------

We analysed the association between the TCS score and smoking prevalence, self-reported exposure to SHS, and attitudes towards smoking bans by means of scatter-plots and Spearman rank-correlation coefficients (r~sp~). To adjust for multiple comparisons testing, we fixed the α error to 1%. We hence calculated the 99% confidence intervals (99% CI) of the Spearman coefficients. We also analysed the relation between the score of each six policies and prevalence.

Ethics statement {#s2c}
----------------

This investigation was based in secondary data from available databases and did not involved humans. Hence, no approval of the Bellvitge University Hospital research and ethics committee was necessary.

Results {#s3}
=======

The prevalence of smokers was 31.5% (95% CI: 30.9%, 32.1%) in EU27, varying from 22.6% in Slovenia to 42.1% in Greece. The prevalence of never smokers was 46.3% (95% CI: 45.7%, 46.9%) in EU27, varying from 39.1% in Denmark to 58.0% in Cyprus. The prevalence of self-reported exposure to SHS at home among non-smokers was 13.6% (95% CI: 13.1%, 14.1%) in EU27, varying from 2% in Finland to 31.4% in Cyprus. The prevalence of self-reported exposure to SHS at work was 21.2% (95% CI: 20.7%, 21.7%) in EU27, varying from 11.8% in Italy to 41.8% in Cyprus.

The percentage of individuals who supported the implementation of smoke-free policies in restaurants varied from 62.4% in Austria to 95.0% in Italy; in bars, pubs, and clubs, it varied from 43.7% in Netherlands to 93.1% in Italy; and in offices and other indoor workplaces varied from 66.2% in Cyprus to 94.7% in Italy.

Austria was the country with the lowest score in TCS (35) and the UK had the highest one (93). The countries that have higher scores in TCS (UK, Ireland, Malta, and Sweden; scores \>60) showed relatively low smoking prevalence (less than 28.8%) and low prevalence of self-reported exposure to SHS (less than 13.8% at home and 23.4% at work). In the countries with lower scores in the TCS (Czech Rep., Germany, Luxemburg, Greece, and Austria; scores ≤40) the smoking prevalence was relatively high (over 30%), as well as the prevalence of self-reported exposure to SHS (between 15 and 30% at home; and between 15 and 36% at work).

There was an inverse association between TCS score and the prevalence of occasional and daily smokers (r~sp~ = −0.42, 99% CI: −0.75, 0.08; p = 0.03) and a direct association with the prevalence of former smokers (r~sp~ = 0.37, 99% CI: −0.14, 0.72; p = 0.06) ([figure 1](#pone-0013881-g001){ref-type="fig"}). Self-reported exposure to SHS at home and work was inversely associated with TCS score, but statistically non-significant ([table 1](#pone-0013881-t001){ref-type="table"}). There was an inverse association of borderline statistical significance between TCS score and self-reported exposure to SHS at work more than 5 hours (r~sp~ = −0.43, 99% CI: −0.76, 0.07, p = 0.02). The correlation coefficients were similar after excluding those countries showing extreme values (data not shown). Furthermore, since the prevalence of smokers and the proportion of exposed to SHS were highly correlated (r~sp~ = 0.46 for SHS exposure at home and r~sp~ = 0.63 for SHS exposure \> 5h at work) we considered the correlation between self-reported SHS exposure and TCS scale in separate strata of prevalence of smokers. The correlation coefficients remained moderately high (though statistically non-significant) in the strata of countries with prevalence of smokers \<30% (r~sp~ = −0.35 for SHS exposure at home and r~sp~ = −0.25 for SHS exposure \>5 h at work) whereas in the strata of prevalence of smokers ≥30% the correlation coefficients were close to 0.

![Correlation between Tobacco Control Scale score and prevalence of smoking status (current smokers and former smokers) and self-reported exposure to secondhand smoke (SHS) at home and at work in the European Union (EU27).\
r~sp~: Spearman\'s rank correlation coefficient. † Current smokers: daily and occasionally smokers. ‡ Only non-smokers\' exposure to SHS at home. § Smokers and non-smokers\' exposure to SHS at work.](pone.0013881.g001){#pone-0013881-g001}
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###### Correlation (r~sp~) and 99% confidence intervals (CI) between Tobacco Control Scale (TCS) score, its six components, and prevalence of smoking (current smokers and former smokers), self-reported exposure to secondhand smoke (SHS) at home and at work, and attitudes towards smoking bans.

![](pone.0013881.t001){#pone-0013881-t001-1}

                                                                             TCS                  Price           Public place bans    Public information campaign spending    Advertising bans       Health warnings          Treatment
  ----------------------------------------------------------------- --------------------- --------------------- --------------------- -------------------------------------- --------------------- --------------------- ---------------------
  **Smoking status**                                                                                                                                                                                                     
  Smokers (daily and occasionally)                                   −0.42 (−0.75, 0.08)   −0.22 (−0.63, 0.3)    −0.31 (−0.69, 0.2)            −0.28 (−0.67, 0.24)            −0.5 (−0.79, −0.02)   −0.42 (−0.75, 0.07)   −0.07 (−0.53, 0.43)
  *p-value*                                                                 0.03                  0.28                  0.11                           0.20                          0.009                 0.03                  0.72
  Smokers (daily)                                                    −0.32 (−0.69, 0.19)   −0.22 (−0.63, 0.3)    −0.27 (−0.66, 0.25)            −0.1 (−0.56, 0.4)             −0.42 (−0.75, 0.08)   −0.45 (−0.76, 0.05)   0.04 (−0.45, 0.51)
  *p-value*                                                                 0.11                  0.28                  0.18                           0.65                          0.03                  0.02                  0.84
  Former smokers                                                     0.37 (−0.14, 0.72)    0.14 (−0.37, 0.58)     0.21 (−0.3, 0.63)             0.3 (−0.21, 0.68)              0.32 (−0.19, 0.7)    0.09 (−0.41, 0.55)     0.54 (0.07, 0.81)
  *p-value*                                                                 0.06                  0.49                  0.29                           0.17                          0.10                  0.65                  0.004
  **Exposure to SHS**                                                                                                                                                                                                    
  at home[‡](#nt104){ref-type="table-fn"}                            −0.28 (−0.67, 0.23)   −0.26 (−0.66, 0.25)   −0.27 (−0.67, 0.24)            −0.17 (−0.6, 0.34)            0.03 (−0.46, 0.51)    −0.31 (−0.69, 0.2)    −0.17 (−0.6, 0.34)
  *p-value*                                                                 0.15                  0.19                  0.17                           0.45                          0.88                  0.12                  0.40
  at work                                                            −0.26 (−0.66, 0.25)   −0.05 (−0.52, 0.45)   −0.31 (−0.69, 0.2)             −0.31 (−0.69, 0.2)            −0.14 (−0.58, 0.37)   −0.28 (−0.67, 0.23)   0.01 (−0.48, 0.49)
  *p-value*                                                                 0.19                  0.82                  0.12                           0.15                          0.49                  0.15                  0.98
  at work (more than 5 hours)                                        −0.43 (−0.76, 0.07)   −0.12 (−0.57, 0.39)   −0.43 (−0.76, 0.06)           −0.32 (−0.69, 0.19)            −0.23 (−0.64, 0.29)   −0.28 (−0.67, 0.23)   −0.33 (−0.7, 0.18)
  *p-value*                                                                 0.02                  0.56                  0.02                           0.14                          0.26                  0.16                  0.08
  **Attitudes to smoking bans** [\*](#nt103){ref-type="table-fn"}                                                                                                                                                        
  smoking bans in restaurants                                        0.47 (−0.02, 0.78)    0.26 (−0.25, 0.66)     0.61 (0.18, 0.84)             0.25 (−0.26, 0.65)            0.15 (−0.36, 0.59)    0.38 (−0.13, 0.73)    0.08 (−0.42, 0.54)
  *p-value*                                                                 0.01                  0.18                  0.001                          0.25                          0.46                  0.05                  0.70
  smoking bans in bars, pubs and clubs                                0.5 (0.02, 0.79)     0.18 (−0.33, 0.61)     0.66 (0.26, 0.87)             0.31 (−0.2, 0.69)              0.31 (−0.2, 0.69)    −0.04 (−0.51, 0.45)   0.25 (−0.26, 0.65)
  *p-value*                                                                 0.008                 0.37                 \<0.001                         0.15                          0.11                  0.85                  0.21
  smoking restrictions in offices and other indoor workplaces        0.39 (−0.11, 0.73)    0.06 (−0.43, 0.53)    0.46 (−0.03, 0.77)             0.14 (−0.37, 0.58)            0.11 (−0.39, 0.56)    0.19 (−0.32, 0.62)    0.05 (−0.44, 0.52)
  *p-value*                                                                 0.12                  0.75                  0.02                           0.52                          0.60                  0.35                  0.81

Price: price increases through higher taxes on tobacco products (maximum 30 points); Public place bans: bans/restrictions on smoking in public and work places (maximum 22 points); Public information campaign spending: better consumer information including public information campaigns, media coverage, and publicising of research findings (maximum 15 points); Advertising bans: comprehensive bans on the advertising and promotion of all tobacco products, logos and brand names (maximum 13 points); Health warnings: large direct health warning labels on cigarettes\' boxes and other products (maximum 10 points); Treatment: treatment to help dependent smokers quitting, including increased access to medications (maximum 10 points).

r~sp~: Spearman\'s rank correlation coefficient.

\*Attitudes to smoking bans (somewhat in favour or totally in favour).

Only non-smokers\' exposure to SHS at home.

When we excluded the policy on bans/restrictions in public and workplaces from the TCS score, the associations remained inverse and statistically non significant (exposure at home r~sp~ = −0.24, 99% CI: −0.65, 0.27; p = 0.24 and exposure at work r~sp~ = −0.16, 99% CI: −0.60, 0.35; p = 0.43). Those countries with high scores in TCS showed higher percentage of favourable attitudes towards smoking bans in all workplaces (restaurants, bars, pubs, clubs, and other indoor workplaces) ([figure 2](#pone-0013881-g002){ref-type="fig"}). The percentage of favourable attitudes towards smoking bans was higher in countries with lower smoking prevalence (in restaurants, r~sp~ = −0.56, 99% CI: −0.82, −0.11; p = 0.002, in bars, pubs, and clubes, r~sp~ = −0.24, 99% CI: −0.65, 0.27; p = 0.22, and in other indoor workplaces, r~sp~ = −0.25, 99% CI: −0.65, 0.26; p = 0.20). Additionally, we analysed the correlation between each of the six specific policies and smoking prevalence, self-reported exposure to SHS, and attitudes towards smoking bans ([table 1](#pone-0013881-t001){ref-type="table"}). Implementation of advertising bans was inversely correlated with active smoking (r~sp~ = −0.50, 99% CI: −0.79, −0.02; p = 0.009), and high implementation of treatments for quitting smoking was directly correlated with prevalence of former smokers (r~sp~ = 0.54, 99% CI: 0.07, 0.81; p = 0.004). Finally, smoking bans in public places were directly correlated with support to smoking bans in restaurants (r~sp~ = 0.61, 99% CI: 0.18, 0.84; p = 0.001), in bars, pubs, and clubs (r~sp~ = 0.66, 99% CI: 0.26, 0.87; p\<0.001), and in offices and other indoor workplaces (r~sp~ = 0.46, 99% CI: −0.03, 0.77; p = 0.02).

![Correlation between Tobacco Control Scale (TCS) and attitudes to smoking bans (somewhat in favour or totally in favour) in the European Union (EU27).\
r~sp~: Spearman\'s rank correlation coefficient.](pone.0013881.g002){#pone-0013881-g002}

Discussion {#s4}
==========

European countries with more developed tobacco control policies as indicated by higher TCS scores (price increase, bans or restrictions on smoking in public places, consumer information, bans on tobacco advertisement and promotion of tobacco products, health warning on tobacco boxes, and access to treatment for quitting smoking) were strongly, but not statistically, associated with a lower population prevalence of smokers and a lower self-reported exposure to SHS at home and work. Moreover, there is widespread support to smoking restrictions in all public places in these countries, and tobacco control policies are more advanced.

A study in 18 European countries found a positive association between the quit rate and the TCS score; this relation was similar in high and low educational levels [@pone.0013881-Schaap1]. In our study, more advertising bans were inversely correlated (in the limit of significance), with smoking prevalence and the availability of treatments for quitting was directly correlated with the prevalence of former smokers. One study in adolescents from 29 European countries suggested that specific policies on price, public bans, and advertising bans may help to prevent starting smoking and to decrease smoking prevalence in young boys [@pone.0013881-Hublet1]. However, another study that assessed the relationship between TCS score and motivation (stages of change) of the smokers to quit in five European countries found no association [@pone.0013881-Thyrian1].

Our study shows an inverse but not statistically significant correlation between the TCS score and the self-reported exposure to SHS at home and at work. The correlations were high between the score of smoking bans on public places and self-reported exposure to SHS at work and between health warnings policies and self-reported exposure to SHS at home, although these correlations did not achieved statistical significance at 1% level. However, the intensity of exposure at work was highly correlated with smoking ban in public places in the limit of the significance. Longitudinal studies have found a decrease in SHS at work after the implementation of comprehensive smoke-free laws in the general population and in hospitality workers [@pone.0013881-IARC1].

We found a direct correlation between the TCS score and the support towards smoking bans restrictions in all workplaces, including restaurants, bars, pubs, and clubs. The correlation between the TCS score and support towards smoking bans was mainly due to the correlation with public place bans. Price increases, public information campaign spending, advertising bans, and health warnings showed moderate correlations. Longitudinal studies from different European countries (Ireland [@pone.0013881-Pursell1], Scotland [@pone.0013881-Hilton1], and Spain [@pone.0013881-MartinezSanchez1]) have reported an increase on the support to smoking bans after the implementation of national smoke-free laws in all workplaces including restaurants, bars, pubs, and clubs by the general population and also by hospitality workers [@pone.0013881-Fong1], [@pone.0013881-Pursell1]--[@pone.0013881-MartinezSanchez1]. This could be partially explained because these countries have banned tobacco advertising and launched more media campaigns (TV, radio, newspapers, etc.) about the adverse effects of exposure to SHS on health of non-smokers [@pone.0013881-MartinezSanchez1]. Finally, we found a direct association between the treatment component of the TCS and the prevalence of former smokers. Although the weight of treatment in the total TCS score is limited (10 out of 100 points), the impact on quitting seems to be important at the ecological level. Further, there is still debate about the quantifiably impact of pharmacological treatments to control the tobacco epidemic [@pone.0013881-Chapman2], [@pone.0013881-West1].

Strengths and limitations of the study {#s4a}
--------------------------------------

This was an ecological study, and consequently, any causal relationship between tobacco control policies and the outcomes assessed (smoking prevalence, self-reported SHS exposure, and attitudes towards smoking bans) is difficult to establish. Indeed, more strict smoking control policies may reflect, rather than cause, more advanced attitudes towards tobacco smoking and tobacco control on a population level. However, the results of our study are in agreement with other studies showing a reduction in smoking prevalence and SHS exposure, and an increase in the support of national bans after smoke-free policies [@pone.0013881-IARC1]. We are not trying to infer the relationship at the individual level but simply assessing an ecological effect [@pone.0013881-DiezRoux1].

Another limitation of our study is the lack of information about the stage of the tobacco epidemic across the different countries [@pone.0013881-Lopez1]. This information could help to better understand the relationships studied. Lopez et al. [@pone.0013881-Lopez1] already suggested that smoke-free public places and transports are common achievements at stage III of the epidemic but not smoke-free workplaces that are implemented later at stage IV. The use of self-reported data from questionnaires could be a source of bias, although self-reports on smoking status have acceptable validity [@pone.0013881-Gorber1]. On the other hand, the delay between the TCS (from 2007) and the Eurobarometer survey (from the end of 2008) provides an adequate time-frame (less than two years) to observe the potential effects of tobacco control policies on smoking behaviour and self-reported exposure to SHS. Finally, the small sample size in each country and the lack of information about the number of cigarettes smoked per day and number of hours exposed to SHS at home could be another limitation. However, the sample design of the Eurobarometer guarantees the representativeness by country [@pone.0013881-European1].

In conclusion, this study shows at the ecological level that countries with higher score in the TCS have higher support towards smoking bans in workplaces.
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